I[NTRODUCTION]{.smallcaps} {#sec1-1}
==========================

The use of endoscopic retrograde cholangiopancreatography (ERCP) to diagnose and treat pancreaticobiliary diseases has increased manifold in recent years. Conscious sedation is administered to the patient to make them comfortable and also to facilitate the work of the gastroenterologist.\[[@ref1]\] However, sedation in ERCP can also cause adverse perioperative events.\[[@ref2][@ref3]\] The availability of various pharmacological agents such as midazolam, propofol, ketamine, and dexmedetomidine not only allows rapid and smooth induction but also enables quick and uneventful recovery.\[[@ref4][@ref5]\]

Propofol is a nonbarbiturate sedative-hypnotic agent with faster onset of action and shorter recovery time. It also has anticonvulsant, amnestic, and anti-emetic properties; hence, it is widely used. However, as a sole agent, large doses may be required which can lead to cardiorespiratory depression.\[[@ref6]\] Hence, an adjunct may decrease the dose of propofol and thus, its adverse effects too. Thus, drugs with different pharmacological profiles can be combined for desirable results.

Midazolam has gained popularity in day care procedures because of its rapid onset and shorter duration of action with amnestic and anxiolytic properties. It also has beneficial effect on hemodynamic stability.\[[@ref7]\] The repeated doses of midazolam lead to prolonged sedation because of accumulation of its active metabolite. It can produce respiratory depression also, as being a benzodiazepine, it decreases the sensitivity of respiratory center to carbon dioxide.\[[@ref8]\]

In the past few years, dexmedetomidine has been widely used as substitute to midazolam for minor procedures needing conscious sedation. It is a selective alpha2(α~2~)-adrenoceptor agonist and has sympatholytic, amnestic, sedative, and analgesic properties. Dexmedetomidine because of its unique properties such as analgesia and minimal respiratory depression is considered a useful and safe drug for day care procedures.\[[@ref9]\] It provides excellent sedation that can be easily titrated, especially in nonintubated patients. Hypotension, hypertension, bradycardia, dry mouth, and nausea are the most commonly seen adverse effects.\[[@ref10]\]

The primary aim of this study was to evaluate the requirement of propofol using midazolam or dexmedetomidine as premedicant for ERCP and also to assess the degree of comfort experienced by endoscopist as well as the patients as judged by an anesthesiologist. Secondary outcomes were to evaluate and compare the recovery characteristics.

M[ATERIALS AND]{.smallcaps} M[ETHODS]{.smallcaps} {#sec1-2}
=================================================

This was a prospective, randomized, assessor-blinded study conducted at tertiary care hospital of North India, after approval from the Hospital Ethics Committee. A prior written informed consent was obtained from all the patients. Sixty patients were enrolled in the study from December 2016 to September 2018. Patients between the age group of 40 and 80 years, American Society of Anesthesiologists (ASA) physical classes II and III, undergoing elective ERCP procedures were included in this study. Patients on alpha-adrenergic receptor blockers, with known hypersensitivity to the study drug, compromised cardiac status, psychiatric history, with neurological disease and having motor and sensory deficit were excluded from the study. The sample size was calculated (30 in each group), on the basis of previously published articles, keeping precision of estimates of outcome states as 95% of confidence limits.

Preoperative assessment included history, general physical examination, systemic examination, and routine laboratory investigations. Patients were randomly allocated by computer-generated random numbers to one of two groups of 30 each.

Group D (*n* = 30): Dexmedetomidine (100 μg/ml + 18 mL saline) loading dose at 1 μg/kg intravenous (IV) over 10 min followed by 0.5 μg/kg/h infusion along with intermittent 10 mg propofol bolus until the Ramsay Sedation Score (RSS) 4.

Group M (*n* = 30): Midazolam at 0.05 mg/kg IV bolus over 10 min followed by normal saline infusion along with intermittent 10 mg propofol bolus until RSS 4.

Patients were taken to operating room and antecubital venous access secured on nondominant hand by 20G IV cannula, Ringer\'s Lactate drip started by 8 ml/kg/h, and O~2~ given by nasal cannula at 4 L/min. Standard monitors such as heart rate (HR), mean arterial blood pressure (MAP), and SpO~2~ were attached. To reduce the bias, 0.05 mL/kg of normal saline was given as IV bolus in Group D, whereas, in Group M, after giving the study drug, IV infusion of normal saline was started. The study drugs were prepared and given by an assistant who was not involved in the study.

Sedation depth was assessed using the Ramsay Sedation Scale.\[[@ref11]\] Scale 1: Patient is anxious and agitated or restless, or both; Scale 2: Patient is cooperative, oriented, and tranquil; Scale 3: Patient responds to commands only; Scale 4: Patient exhibits brisk response to light glabellar tap or loud auditory stimulus; Scale 5: Patient exhibits a sluggish response to light glabellar tap or loud auditory stimulus; and Scale 6: Patient exhibits no response.

Sedation level assessed at 1--3-min interval, and the infusion rate adjusted to achieve RSS of 4. The anesthesiologist who assessed the parameters was blinded to the randomization process and to the study drugs, but he adjusted the infusion rates of both the drugs till achieving RSS of 4. Further, if the RSS of 4 was not achieved on increasing the study drug infusion, then propofol bolus of 10 mg IV was given. Time to achieve RSS of 4 in both groups was recorded. Parameters such as HR, MAP, and SpO~2~ were recorded following the loading dose for 1 min initially till 10 min and then every 10 min until the completion of the procedure.

The Gloucester Comfort Score\[[@ref12]\] was used to evaluate the quality of sedation as observed by gastroenterologist, at the time of insertion of scope, periprocedure, and at the end of procedures.

Comfortable -- Talking/comfortable throughoutMinimal -- One or two episodes of mild discomfort without distress to patientMild -- More than two episodes of discomfort without distressModerate -- Significant discomfort with some distressSevere -- Frequent discomfort with significant distress.

The Numeric Rating Score\[[@ref13]\] (0--10) was used by anesthesiologist to assess patient\'s discomfort every 10-min interval throughout the procedure. Numeric Rating Scale -- 0-no discomfort to 10-severe discomfort

During the procedure, any of the following complications such as apnea and oxygen desaturation (SpO~2~ \<94% for \>30 s treated with supplemental oxygen), bradycardia (HR \<50/min treated with atropine IV bolus of 0.5 mg), tachycardia (\>20% of the baseline), hypotension (\<20% of the baseline and treated with IV ephedrine bolus dose of 6 mg or mephenteramine 6 mg) coughing or gagging were recorded and managed accordingly. The study drug infusion was discontinued at the end of the procedure. The recovery time was considered from discontinuation of the infusion till achieving Modified Aldrete Score (MAS)\[[@ref14]\] of 9--10 \[[Table 1](#T1){ref-type="table"}\]. Vitals such as HR, MAP, and SpO~2~ were recorded every 10-min interval. Postoperative nausea and vomiting (PONV), apnea, pain, and agitation were also managed accordingly. Patient\'s and endoscopist\'s satisfaction was assessed at the end of procedure using satisfaction score (4 = excellent, 3 = good, 2 = fair, and 1 = bad).

###### 

Modified aldrete's score

  Parameter           Score                                                                                                   
  ------------------- ------------------------------------------------- ----------------------------------------------------- ----------------------------------------
  Activity            Moves all extremities voluntarily or on command   Moves two extremities voluntarily or on command       Unable to move extremities
  Respiration         Breathes deeply and coughs freely                 Dyspnea, shallow, or limited breathing                Apneic
  Circulation         BP±20 mm of preanesthetic level                   BP±20-50 mm of preanesthetic level                    BP±50 mm of preanesthetic level
  Consciousness       Fully awake                                       Arousable on calling                                  Not responding
  Oxygen saturation   SpO~2~ \>92% on room air                          Supplemental O~2~ required to maintain SpO~2~ \>90%   SpO~2~ \<90% with O~2~ supplementation

Total score=10; a score of evelvelor on command to achBP=Blood pressure

On completion of the procedure, further propofol boluses and background infusion of the study drug were stopped. Patient\'s oropharynx was thoroughly suctioned and they were turned supine with head-up tilt (15°), allowed for complete recovery with end points being eye opening on command, ability to handle secretions, following simple commands, hemodynamic stability, and maintaining saturation \>95% on room air.

Patients were kept in propped up position with oxygen supplementation through a face mask (5 L/min) and maintenance of IV fluid (Ringer\'s Lactate/0.9% saline). Standard monitoring was continued throughout till discharge of the patient at MAS of 9--10.

Statistical analysis {#sec2-1}
--------------------

Statistical analysis was done with SSPS 17.0 software (SPSS Inc., 233 South Wacker Drive, 11^th^ floor, Chicago, IL6060660412, USA). The Chi-square test was applied for nonparametric data and parametric numerical data, unpaired *t*-test for intergroup comparison, and repeated measures ANOVA for intragroup comparison. Results were expressed as a mean ± standard deviation. Value of *P* \< 0.05 was considered statistically significant and \<0.001 as highly significant.

R[ESULTS]{.smallcaps} {#sec1-3}
=====================

A total of 77 patients were chosen, of which 12 patients did not fit into the inclusion criteria and five refused to participate in the study. Finally, 60 patients were included \[[Figure 1](#F1){ref-type="fig"}\]. There were no statistically significant differences in both the groups in terms of age, sex, type and duration of the procedure, ASA physical status classes, and the baseline vitals \[[Table 2](#T2){ref-type="table"}\].

![Consort diagram](AER-13-297-g001){#F1}

###### 

Demographic data

  Variables                     Group D       Group M      *P*
  ----------------------------- ------------- ------------ --------
  Age (years)                   45.34±16.4    47.21±14.3   \>0.45
  Sex (male/female)             17/13         15/15        \>0.39
  Duration of procedure (min)   30.62±10.23   32.40±9.45   \>0.42
  ASA classes                                              
   II                           13            12           \>0.78
   III                          17            18           \>0.89

Data given as mean±SD. SD=Standard deviation, ASA=American Society of Anesthesiologists

The total number of propofol doses in Group M was higher than that in Group D, and this difference was statistically highly significant (*P* \< 0.023) \[[Table 3](#T3){ref-type="table"} and [Figure 2](#F2){ref-type="fig"}\].

###### 

Mean number of propofol doses and time to achieve Ramsay Sedation Score 4

  Variables                     Group D      Group M     *P*
  ----------------------------- ------------ ----------- ---------
  Number of propofol doses      0.70±0.596   3.4±0.675   \<0.023
  Time to achieve RSS 4 (min)   3.34±0.96    5.96±1.20   \<0.042

RSS=Ramsay Sedation Score

![Mean number of propofol doses and time to achieve Ramsay Sedation Score 4](AER-13-297-g002){#F2}

RSS 3--4 was achieved earlier in Group M (*P* \< 0.042). Mean baseline hemodynamic variables were similar in both the groups. Intraoperatively, there was more decrease in HR and MAP in Group D than in Group M at 5, 10, and 20 min which was clinically insignificant \[[Figure 3](#F3){ref-type="fig"}\].

![Intraoperative heart rate in both groups](AER-13-297-g003){#F3}

The surgeon and anesthesiologists were more satisfied in Group D as compared to that of Group M (*P* \< 0.031) \[[Table 4](#T4){ref-type="table"}\].

###### 

Satisfaction scores

  Score   Group D     Group M      *P*
  ------- ----------- ------------ ---------
  GCS     3.6±0.498   2.43±0.50    \<0.031
  NRS     6.60±0.49   3.33±0.479   \<0.029

GCS=Gloucester Comfort Score, NRS=Numeric Rating Score

The complications such as gagging, restlessness, and agitation were higher in the midazolam group as compared to dexmedetomidine group (*P* \< 0.01). In terms of complications in the recovery period, PONV was more in Group D than that in Group M. None of the patients in any group experienced oxygen desaturation and respiratory depression \[[Table 5](#T5){ref-type="table"}\].

###### 

Perioperative complications

  Variables                       Group D (*n*=30) (%)   Group M (*n*=30) (%)   *P*
  ------------------------------- ---------------------- ---------------------- --------
  Gagging                         20                     87                     \<0.01
  Restlessness                    8                      52                     \<0.01
  Agitation                       3                      48                     \<0.01
  Postoperative nausea vomiting   7                      2                      \<0.05
  Desaturation                    0                      0                      
  Respiratory depression          0                      0                      

Patients in Group D achieved MASs of 9--10 earlier than those in Group M (*P* \< 0.33) \[[Table 6](#T6){ref-type="table"}\].

###### 

Time to achieve Modified Aldrete Score 9-10

  Variables                        Group D      Group M   *P*
  -------------------------------- ------------ --------- ------
  Time to achieve MAS 9-10 (min)   11.13±2.12   15±3.29   0.33

MAS=Modified Aldrete Score

D[ISCUSSION]{.smallcaps} {#sec1-4}
========================

ERCP has evolved from a diagnostic solution to therapeutic procedure. It not only requires expertise in the technique but also adequate sedation and anesthesia with lesser complications, discomfort, and anxiety.

Midazolam, a short-acting benzodiazepine, is commonly used adjunct with propofol for short procedures such as endoscopies. It has faster onset, shorter duration of action, and high amnestic properties. However, when used alone, higher doses are required to maintain the desired depth of sedation which can lead to cardiorespiratory depression and prolonged recovery time.\[[@ref7]\]

Dexmedetomidine, an alpha2-adrenergic agonist is recently being used for conscious sedation. It has sedative as well as analgesic properties without appreciable respiratory depression. However, when used as a sole agent for conscious sedation, it was not found to be much effective. Hence, it was used in combination with propofol.\[[@ref9]\]

Propofol is a commonly used sedative agent for endoscopies. However, when used alone in higher doses it leads to hemodynamic variations and deep sedation. Hence, by using adjuvants with propofol, these complications can be avoided.\[[@ref9]\] Midazolam and low-dose dexmedetomidine were used in our study along with intermittent doses of propofol because of their synergistic effects and favorable outcomes.

Patients in Group M had a rapid onset of sedation (3.34 ± 0.96 min compared to 5.96 ± 1.20 min) but did not achieve the adequate depth of sedation as compared to Group D, probable because of methods of administration IV bolus versus infusion. Similar pattern has been seen in another studies also.\[[@ref7][@ref15]\]

A synergistic effect was seen when these sedative drugs were used in combination with propofol. Synergism was more in dexmedetomidine group than midazolam group, which led to decrease propofol requirement in dexmedetomidine group. Similar effect has also been observed in another studies.\[[@ref16][@ref17][@ref18]\] As dexmedetomidine is known to suppress neuronal activity and facilitate vagal activity by alpha2 receptor activation in the central nervous system; hence, it has decreased the propofol requirement in Group D.

Statistically significant but clinically insignificant decrease in HR and BP at 5, 10, and 20 min was observed in Group D. Similar observations were reported by Kilic *et al.*, Alhashemi, Dere *et al.*, and Sethi *et al.*\[[@ref7][@ref15][@ref19][@ref20]\] Being an alpha2 agonists agent, dexmedetomidine causes hypotension and bradycardia by activation of alpha2-adrenoreceptor.

Dexmedetomidine group has higher satisfaction scores for both patient and endoscopist, probably due to steady drug levels achieved by infusion form of dexmedetomidine as compared to IV bolus of midazolam. Other authors, also, reported higher satisfaction for dexmedetomidine than midazolam.\[[@ref7][@ref15]\]

Although we expected greater incidence of adverse events in Group D than in Group M, but actually there was no significant difference with regard to hypotension, bradycardia, and respiratory depression between the two groups. Similarly, various studies also did not show any significant differences in hemodynamic variables.\[[@ref21]\] However, the incidence of complications was higher in midazolam group as compared to that of dexmedetomidine group, that is, gagging (87% vs. 20%), restlessness (52% vs. 8%), and agitation (48% vs. 3%), and the difference was statistically significant. Other complications such as nausea and vomiting were seen in 7% of patients in Group D and 2% in Group M (*P* \> 0.05%). Arain and Ebert\[[@ref22]\] and Sethi *et al.*\[[@ref7]\] did not report any intra- and post-operative complications in the dexmedetomidine group.

Time to achieve modified alderete score of 9-10 was more in group M (15±3.24 mins) as compared to group D (11.13±2.12 mins). Similar observations were made by Tomar *et al.*\[[@ref23]\] Midazolam when used with propofol, decreases the propofol requirement but does not produce quality sedation and thus leads to prolonged recovery times. This characteristic arousable sedation action of dexmedetomidine can be explained by its action on α~2~-adrenoreceptors in locus ceruleus in the brain stem which declines sympathetic but enhances parasympathetic outflow.

The strengths of this study were the absence of selection bias between the groups and also both the groups were comparable in terms of patient characteristics, type and duration of the procedure along with no significant adverse effect with any of the study drugs.

The only limitation of our study was that we did not use bispectral index (BIS) monitoring for assessing the sedation adequacy. Hence, in future, research can be planned with the use of BIS monitor for the depth of sedation.

C[ONCLUSION]{.smallcaps} {#sec1-5}
========================

Both dexmedetomidine and midazolam can be safely administered as an anesthetic adjuvant to propofol for short procedures such as ERCPs. Dexmedetomidine provided intense and better sedation quality along with lesser requirement of propofol doses with no significant hemodynamic alterations and good recovery characteristics as compared to midazolam.
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